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i^/n— 2&Sjfc0. 3mm-fil. OmmCDjU, />*< i t 1 2 SmrnO 
US, &3:gv?L '>ft < t t> 5 /z m^D90 Sft. < t t 8 (£>W eibul 1 

so &J#oS i CSHP. Xtf 

i i) 5il%*»<Ol«V!)3y, 

b) g«£*tfc#- h£> t&ftj&*3 0 0t-90 o c c^#ffl^i- / >^< fcto 

2. fig^6 0 0t-9 0 0t^g^, ^fc^Sf^-^'^-O 

3. weibuii Hi o -e 2 ^|E«©*feo 

4. -&tt^S5>i-^radsi o — io o«FlB"C*>5B!*5l3^fa«o*ifeo 

5. mttr^M?^— 1 ?^^— ^2 5 0MPa-6 0 0MP a C0#tt^S?r^ 
off**! 2 ^iB*<^*&o 

6. «fl^>f*tt^<B^fc< itl 0 fc fc 5 MmCDH 

7. v-y 3 y x/n- it 5 Sft^-f I / ^-t 7 ; yW^'^—<0 
^^^-cof^^ ; S^L^v^-^xmb) £frl\ ^Lt Kft^-f ^ - V 



(3) 4#S 2000-505043 

^>4<H*5i9 0%^M^^ Hie, 
i) £ k&J9 oM^^Kffc^**^ 

i i) 5It%5H«©i»^!) =^ »^ 
i i i) 1. 5 p pm~5 p pm^i^ftftttft, 

b) bSr. ^3 0 0t-9 0 0TC<O#I«i:'M< £ <b 0 

9. a^f^^^/N^lgb) ©|oab^ft< t hS nm<Dm£%: 

10. 1 . 5ppm-»2. Oppmtfc^ 

J¥£#0. 1 - 5 m m*l©C VDt 7 ^ y i^-r >f ^^S:lSb) 0)M 

11. lib) coftJ^CVDir^ ^ y ^"Ht = — x-f ^Sr^fl:^*^ — 

z^-^mm^-r, m^mm^m* i . 5 P P 5 P p m-efc o , * u-c 

#B5M*8 5 O c C^m^.^V^^^^o|fi*3S7lCl2«^^feo 

12. lib) oStJlcj?$dS0. l-5/im*iOCVDt7vy^f§3- 

x>f s^fcaMfc^*^ — ^i^— icshbu i . 5 P pm 

-5 p pmtfc!), L-t#B^W s 8 5 0 7 jcfB 
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/N-(0ffif&S«:U*V^-exgb) *rfrl\ ^tt 
CVDJifc*Kttfci»fcftv**fe 

httisV a 1 /?*^- ASixTJStK JS2©^ny httKfttfr-f ~ * 

^)9 7%-10 0 o /o^g^, SUl. 

i) £>ft< ktft9 9m*%o«ft;^*tt J f-, 

i i) 5a*%*a»©36«vy 

i i i ) 1 p pm*StftV>ft^tt«^t«, 

b) g±5£*ifc^- h£r> tt^ 6 o 0*0-9 0 O c Cco#ffl^,lc/>^< fc 0 

14. Xlib) £>BtTfcJ?£a s 0. l-5^m*i«)CVDt7^^^fi3- 

1 5. -fe^^y^^*^— * s a«*«^tt< H9 9%<D«SSr^o|f*3g 
1 3 lC|B«^^fe 0 



(5) «F* 2000-505043 

<D'pt£< t h%}9 0%(D&m%Wlb s W\zSlT<Di) -i i i) Sr-g-tfXSo 

i i) sa:*%*»6(oi8)ti/y 

i i i) -/Vl^T/l^~^A^ffT*5, OOOppm^lO, 000 
ppm (GDMStHlH) atfEDS-e«UJprtB**«)A«rA'5 = !> 

-^/l-^X/l^-^A^ffT^l , 00 0 ppm-fi5, OOOppmt^ 

ttKHWE*-f\ iLtt##5 0 0 ppm*I-Cfc5:i x 

b) frai^— sK— h«r % 3 0 0^-90 ot^g^f I^}^>*< ^ t o. 
5&#Pfl£fe>1-Xg 0 

17. '>4< 1 1 1 o o 0t©JW©a»»iWbaE»l:ioT, *ft<5r>f*^ 

18. Kft^-f *^ 5 - x/N-iSlg b ) O30*»w/J>fc< ifeB^mOffS 

1 9. SBfttf 6 0 0^-90 Ot©l«Sr»o||*3|l 8jCfB*(0*«fe 0 

2 0. ^A^T/l^~?A^itT-m 0 0 0 p pm -fi5 0 0 0 p p m"Cfo 

#5 0 0 p p m*lt fc5:^aoT77^^^ A-g-ifrfti&S^gtfl- b *U * 
fc, lib) o«i:cVDt?$y^©TH|3-f-f 

^-ic»/bl^bi#j« i 9tctesg(D^ao 

2 1. ^7/K-«)A^T^5 0 0 0 p pm-jfil 0, 0 0 0 ppm 



(6) 



2 3. fflft^6 0 0t~9 0 O e CZ>iSS£3foff;fcJ®2 2 lCfE«©2r2fc 0 
2 4. 7/V 5 = ^i»i^ltf^ 5 0 0 0 p p m~fi 1 0 , 0 0 0 p p m 

2 5. ^yP^r/^$ = «>.A35J^ff-CJ|ei 0 0 0 p pm-15 5 0 0 0 p pm^Cfo 

#5 0 0 p pm*a»T*Sr fcfc±oTT^5 = l>^#J|*#«ft»fe*t5BII 
*S16 id|E*^*i£o 

2 6. #ffl^6 0 0^-9 0 0 < C©JaftS:l*oB*3B2 5*cK*G>;frjfe 0 

©*a5^b^it«Stt5CVDJIfcii51ttlcaiftSriB^ 

2 8. #H«#6 0 0<C-9 0 O^iatf «r»o»*3S2 7lCfB«(D^ 0 
29. 5S*%*880aSBIv'!; =3> % mfto. 5 mm— JRjl. OmmOff^ /> 

4<H125 mmc^ii:^ Hi&^g < £ t^J 9 0 

Sf&i\ H8We i b u 1 W>4< HS/imODgo S i 

3 0. 2 5 0-6 0 0MPa<0*M4atft*«fOBI*3S2 9fclB« 
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31. ^2. 5-3. 5MP a • m"* *>Wtt&#o»#3B 2 9fcE«©** 
3 2. '>4<tt»l 0(DWe ibul 1 4R«fcj*Oj»#33C2 9 UlSB*0*^ 

o 

3 3. J?£0. 1 - 5 /i mOimt 7 ^ -7 ^ n-r ^ y ^?:ftoS^5 2 9 

3 4. '>4<tt9 9%<&^ffc^*S)^&<&*, IMS(0 9 7-1 0 0% 

3 5. /V^7^$ = ?A^tft»5 0 0 0 p pm-»l 0, OOOppm 
(GDMStftffl) S:U ? EDST^ffi^Itg^4^^J||T/i'^^^A^ 
tf-fc*W*^r5T^5 = »>A-&**Sr3Et2:*1-S»**2 9 \cmm,<DV^^ 

3 6. ✓Vl^T/l^-^AaS^ffT-**] 1 0 0 0 p pm-&5 0 0 0 p pmffe 
9, EDS T^ffl L/: ^ # i^Mr^ ^; ^ ?is^*f K)lC#S^f , tUTl* 

*S2 9 UHEScO*^— o 

3 7. 5fift%*SO^gt^y JRJO. 3mm— 1. 0mm<£)J?£ N 

T^ot, it!59 011 %<DKfb^^Sr^ 1. 5ppm-» 

5 p pmMcW^ft7ff4fe$^T*«:j«t>. H5 /im^f^^oCVDf 

3 8. WT/P^^A^H-T^S 0 0 0 p pm-JSl 0 0 0 0 p pm ( 

3 9. W7;^; = ^^ttt»l 0 0 0 p pm-»5 0 0 0 p pmtfc 
«9, EDS Ifc i # IC^R7;V ^ ^ !? < , ttt«**5 
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0 0 p p m*lt fc5 : t^7;v ^ ^ ^MMt 7 S y? *? ^ 

4 0. 1 . 5 p p m~^3 2 p p m^^^^^^T^i, RXfO. 1-5/im 
(OS. £ <D^m<£ ir 7 5 s> * 3 — y >r > ^?r^of|*5 3 7 fclB«<0 * ^ ^ y ? * 

4 i. ^hh=-t^ ^^^ntz^^m^3 7 ^mco-K? ?l ? ? v ~^- 0 

4 2. 5li%*I(^iIi/^y N K)0. 3-1- OmnKDf^, IMI 
0 9 7-10 0%(D^&. Rlt&iL^lL&W^jgE&IZ? S ^^A^fcoT 

4 3. = — X^f Vi/Sr^^V>!t*^4 2lCf5«^7^y^^^^- 0 
4 4. 3MMfc£©d>fc< it 9 9%©«J*«r#ot»*3U 2 icfBttfcHr^ y 

4 5. J¥£0. 1 — 5 MmOlt*t7 ^ y?zi—7-j y/^SoiM4 2 

46. 5It%*l©ifr>!l3^»0. 5mm— 1 . 0mm^)f ® 

-/</W^T/W^ ^^A^^ff^ 5 , OOOppm-810, 0 



OOppm (GDMStftffl) tf* 9 . 3tt*E D S ttffi^^f^lT A- S 

-/VU^T/l'S^ ^A^S^ff-e^j i , 0 0 0 ppm-jfi5, OOOppmt'fc 

5 0 0 p p m*SI"T?fc5 w t , 

4 7. /W7;u^^!)^^ftt»5 0 0 0 p pm-*Sll 0, 0 OOppm 
(GDMS-CftU) "CkS, -tb-CEDS"C«ltt|prtB*J|co&«r/v5=^AS: 
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4 8. T/l-^=^ZJ±fr<&WtX-%) 1 0 0 0 p pm-*!)5 0 0 0 p pmffc 

#5 0 0 p pm*SST*fo5r tiCctoT^^^-t-t^tt^TyV^^^A^ft^^ 

4 9. 0. 1 -5 iimCDmZvmmfc'ty ^ y?<n^—*T4 ^^^off*^ 
4 6 ^IS^coir 7 S y 9 >? 0 
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3S 58 COWS 

i^f5<^X@<0->y ny>>x^- (J x jfilf (process tube) t*3(C 
i"fcfc>*>ife* (firing) ^#©WiC=¥/V>-©#ffl«C{cM*t-<*VH^H 

K«:iJWfc*->f*-e*>5. Btrieroffl^wfcfetc, ^{b^-r^temgPp B a (compo 

n e n t ) , m%.t&$— K (p > dd 1 e) S.lWJLSWfi, ±6^©^* 

:c r3Mm»JK (end — effect) J WJB*«»i-5 1 o©fl65fero* 
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frothy* -*>x.^-X#- h(D3H$U*viy ^Sf:t:iT^ fl M^^> 
z>3tm%\±, gisi-sv-y nyr> x/ ^ iiSl:m: ^^ x S i CT^- 

*ft^*>a/^ftttlt5fc»© 1 o©«*©*tt, McjKA (green 
^*7>f 5 J* 1 ^ >^ (freeze casting) feTfeS 

tfftfrotz (2 5f$«%ggT\ M^15%^2 5/imJ;n^V^ 0 ^tt 

6n£:£:iiL< L (««xa«r#*|cilS«U:-rs) . s i Cft^&M^tttttfai 
ix^-t-oSrSA^i-SiiKSrfietU. a^**-^— «ri5ite$-£\ * 

LT 9 x/^ CD^^Wj^ (vaccum transfer) £ 0 
ir*^ y^>?xA-^Mias»ttl:vy =i-if>r '>3 y(siliconi 
z a t ion) T*:fw^^T^5i\ ayfc 

o L^b^^fe, r^fe^i^y 3^if^^ 3 >^LTV^iV^i>3i^— <^^JSft7L-9" 
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<$mW5-2 8 3 3 0 6^$ite, ->y 3-f^i/ 3 y^iifc2mmOf S^) 
CVDn- ^£Dff£ (#!l;ifc£, 2 0 Mm- 2 0 0 ^ m) 13. 



<DmffiRXfs</^? (bulk) (D tz.fr <D^mx% S^^RcDiteVK fe~efc£ 

gUcULT, Vf-f-^CD TSolids State Technology 
j 1991f4^, p 1 3 3 — 1 4 lXtfScV I I fffltf a >- !? sc 

HT/^ DXt/m^JRTC*. «*.««©*ffiflf|fc* 1 0 10 DK^/c m 2 i^T 
"Cfc^-<tff £V>5 riSrliSfeUfc. ct 9 *5fiTtt, Semiconducto 
r Wafer Cleaning Technology (1 9 9 3) ©" E 
valuation of Wafer Cleaning Through 
Electrical Characterization" *T\ Ruzyll 
ofiMgffi&JK-Cl 0™ cm 2 RXfy</ls?&mXl 0 U JDfuV' c m 3 O r^flf 

mt (ultraclean)j ©ifcRtttrSUfco «t 15 % W^©*© «fc 5* 
*»a*©S**JlW4j*»* (generation life 

t ime) (DWL'P, Mtimffi<Dmto, SfcWclWfcfl>tt»j*j&s i> fc fei-Jtfl^RSSr 

7/i/^^A|:iLTRu z y 1 1 o «\ KM^H^V =iyr)x/^|j:l^ 



(13) 



m, MpLt£T/l»^~?J*<Dp3&%; 1 O 11 11^ / c m 2 $ T'^T 5 ^ ^ /T^t 5 e 
± <9 *4<DT/W ^~£jM^>y^>-? ^^—^(omt^y^ frJ±<Di%m&m^fr 
±L<f^^m^^-^^t^X.htl^> 0 HocketCDCleaning Te 
chnology in Semiconductor Device Man 
ufacturing (1989) <£>^— [UHSI *J V J*W&@l<D p 2 2 7 

-242, "Analysis of Trace 

Impurities on Wafers from Cleaning" I: 

^^r/^Cleaning Technology in Semicond 
uctorDevice Manufacturing (1992). ^H[h]|U 

Bv^^^v^^ASi^fiS^p 7 2- 7 9. w UV-e xcited Dry CI 
eaning of Silicon Surfaces Contamina 
ted with Iron and A 1 u m i n u m" J3\ 1 0 13 F e 

/cm 2 ,&tfl 0 13 A 1 If/cm 2 ^>!) 3y^xA-$- r^Jfe$Jxxv^5 

J t^z.Z> 0 

lc x A£>$j 3 p p m~~ 1 3 p p mGDgfctfV^/i'^ l^/K J: 9 ^ik£>T 

y ^m^m^M^^o 0 EP 0 3 4 0 8 0 2Al:±^tf, «Wt«fl5^>f*i£ 
IRSPfiSrAt^SferSttK-Cfct), ^co^Sfe w</w 5 PP m) Srffcfjflp 

t5rill**i:tta», teoStfriTFSiirS***** #J;tJ3:T i , Cu, M 
n, MgMN i ^^ft4Srra«*^Jfeu^</W (t*H5ppm) ^WJWi"5 

A<£>&J1 p p m~ 1 0 0 p pmcoT/W^ ^^A^^or i: J& s $&^£*LTl^5 
0 Japan New Marerials Repor tOl 9 9 3^1^2 

^p. 6 , Aifxm&mn 4998879 ^w>ft»&#flg 0 e-i e s 9 

*Sfi(^{^^iM3p°p«t^Tll Stttg (dense) &mHU& 
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8 0-8 8%-c\ Mfon.ii*wh&xfmm\zzsy ^^^m^^ttzwu^m^ 

m&VoW m&&)m (sintering aid) &teVtl}i&mmcm 2 0 

^-?:ffii{clH5p p p^®tC-^^^r^^ti>^aT% ^l^flmjfa^|g¥5-2 8 3 
3 0 6 -i-^axii R esimanCOTj. Electrochem. Soc.J 
Vol. 138. No. 5 (1991). pp. Ll-3 (25 — 50 n m<DC 
VD S i CM) t/T^5 0 *S#fF*4 6 1 9 7 9 8 -g\ ^4 7 6 1 1 3 4 
XtW^4 9 9 8 8 7 9#9M«tt* ^I©i£S/^t-t UT^fgi-^^ix 
-Ffrl 0 0-3 00/im, 100 /im&I/2 5 — 2 5 0 /im(D)|J(OCVD S 

i cm^n^m\t^^m^mM^m^r^o B**m^BBo 34080 
StfM-5o jkbwitsu 5379 28«n«t», u^h^mwmm—^m 

0-3 0 0/zmtfc5^i:W*U^r Irg[/Tt5 0 5 ^fV^(7)CV 

Sfcftie:, IfV (i-ftb*>, 5 M m®) 0MftI^t^^^?i<tri 

8E*ft«WU ^s^^fitJLt** (etch stop) i UT$£tg-r$ (i-* 
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ftmmmmzmm. ^*mto£^z2^<D*T^y-\cftrtz>^t&xzz> 
mt) ^tzmmm^u. m^m^tte&m^&mztixmmi,. MSn> 

ffKkfcPflltt, Sp°p^Ifti^«ff, «^1 2 0 0t^)DCE«L<|j:HC 
l, XI* l o o Ot^^f-Aic i ^m±SttJ ^5 r £&ASIfi5jK:*tf. 
¥!>X*MMfS2 1 3 0 1 9 2^Sltt#io ^^S^{t:XgfiBulS§l5p 0 ptCj:o 

&*BM8 L t> T . %)M £>*K*fi£ v-</u Sr Stfip-f 5 tz tf> «t 9 ~ /^^I 

"CIS, WiliSverkhtverdye Material y> 16 (1) 
, p 2 8~3 0, (1 9 94) T% Kazako v \Z¥mfcti±m\Z *5*t5WajE 
liftft^*^^ ^^«ffloffiftS**S:W5BLft:o Ka z akov^D^yJ: 
t*SL^S i 02 7^;l/A^iif (moving charge) 
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S (cha r ge preparation) ifcl/iSiiiiJElg^ffilCfc £ £ £^ 
®LfCo Kazakovlt v- V * 7 4 /UJ* &i£ « £ iirfci&ft. £Hfc^-*f Siv^ 

#S#fF|g4 6 1 9 7 9 ( r^#j ) ^ CVDa-f^^J 

<D) *&»*MfcXt*ffV> (1 0 0-3 00 Mmtfc5i:i/7^5) CVDl^) 

J:9*SEte9*^^^»«^BB«i-«3ftS, *i#fF^5 3 0 2 5 6 1^»S ( 
r E z i s J ) t*SSt"C*>So Ez i ste, *>5]ftaJE3B^t:^r>f **<?>^JS^ 
Sfe^jfte. (full dense) <0*jNB«» I t'fc^ig»7 p -/V (p 



, «ft#31&«S£>*J>jfc< ^t^9 9%t\ *5J1 3 0 0 p pm<D$tR:tflft6 0 0 
0 p pmOT^^^^AS:-&tf'feW"T?f^e>*t5 0 r (O^K.\tm 5 0 !7>f ^Vi"flS» 
(Weibull Modulus) ZW^b^PLtbivZo Z(D$ =x.^—fcm£ 
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a) -c) c^r fc*s#ie>*t5 0 

a) CVDm*mzte\,^mcm®?mm^& (#I;ttfKa z a k o v) tt. 

a) &tfb) ^XS«r*tr*«feS:*tt-r«. 

— tj7myN— fi^O. 3mm-&l. 0mm(Djf$, if* L < < i 1 

2 5 mm (J: 9»* U< tt^ft< tt>15 0 mm) coES x JSStftTL, SBMSft 
<0'>ft< it* 9 0%O«S, Xtf#SL<«:^ft< it 8 (±9»*L<I4^ 
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T©i) ~iv) £^tft><DT-£><5I@. 

i) t h%39 0H*%O^{fc^-f ijf&^T'feo-C, i~4^m©DsoS 

Tf'J>t£< t %> 5 n m(DD 90 ^O^^'f*^. 

i i) 5«fi%*j^ (ffSKIilit%*») <Z>ig«f (free) ->y=>- 

i i i ) #£L< IS. &)5 p pm£JlTtf> U 9#£L< te2 p pmfilT©) ^ 
i v) 

-/VW^r/V^^^A^^H-C^5, OOOppm-ftlO, OOOppm ( 
~/^^T/^^^^A^^ffT^ 1 , 0 0 0 ppm-ft5, 0 0 0 ppmt% 

eds -e^tij ufc t # ^#«f$K&jRr/v 5: ~ * 5 o 

Oppm*| (^t<|j:5 0ppm*l) 

b) g*$*Lfcsi?— h£r % 3 0 0t-9 00t (AiW^6 0 0 Ot 

»4L<liIib) M\ «ftt*i*ft;*ft\ «tff^<HlOOOt^f 
-A, HC 1 XfiDCEia^ty S <y 9 V~^—<Dm%±mte Uctr 5 o 

-lilib) ©tOWCfSO. l-5^m*I©CVD <2fctf#* L < ttK«tt 
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mfc*>rmy$-t=^-±\£mmzftzcvnmzmz&mmm&. cvdi 

>x **)0. 5 mm— 3$ 1. Omm^f^, ttl2 5mm<DiE@ x 3gfi^ 

ft, &TJ^«£< irt5 //m^Dao S i C6gt 1 j/m— 4 mODso S i C&S 

V. «J0. 3mm-»l. 0mm(Dg$ % a»««©^ft< £ tJRj 9 0%<O^& 
(om^-i Xt5 1 . 5 p p m-3$ 5 p p m*«8©tt^*e«?-&** 

o 

>\ #50. 3mm— 1. 0mm(OSS, ItM^9 7-1 0 0%©«g, Xt* 
*fc**WteJ:ixtf, 5m*%*»<©aSK^y a V, ftO. 5mm- 1 . Om 

T 

-/^^r/V^^^A^^H-C*tl5 f OOOppm^lO, 0 
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OOppm (GDMSttffi) T% E D S \C £ oT&fcB FrtEfc*<D&JR7Vl^ ~ 

-/^/W^T/V^^^A^^ffx^l, 000ppm-»5, 0 0 0 ppmt\ 
0 p pm*lT*fc^:h 

So 



fco »2p pm<D$c£?£oS i C^^^xa-^O. 1 — 5 /zmtf)CV 
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ih-T 5 <D I:1ST^ 5 <t % X fe tt 5 - t ##a>o /Co 

-i*. LPCVDi^y aViJr^N— «ia©|ID*C#lCLT«aU ^ttfe^^/N 

Wc£#;ifeift,So !7>r^/^^C^ 8 Jt 19 fc/hS^it^ y*-*:^— to«S 

t>»8©!7^^/l^*tt^feRjhi-5©K:*Klffc5 <h%;ife;ft,So 

S#fflmMIBBU **Sr«EbftiSfe3«FlB*c:fofcoT9 0 O'CfD&Klc $ fe L 
fc 0 -ftfe^**^-<^<ojWi;:©*«^ 

fettS — fiJftaPbJfc^ofc^S, ^J2 /zmODso £oT#££#ttfe 

^i#;iSt7>-c\ =1 > ^ ^^n— «a»flFTf 

srtas-ctswa&fbs i c^$ — »>^-*«asi-sfc«)^*s*/h*<oai^ 
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ack deflection capability) Sr&o^^ K> . & 

^ ^ * x^-»isift^fi, w?a£Eit^b^^ X * J- ± 5 s/ y 3 v * rc 

^n-COT/V^^^A^I^O. 44X10 11 i^/cm 2 ^3. 8X1 0 11 
K&te<s LPCVD©fflJft^v^l«*»cS»tAHfetu*ia»*.6>Jt5« rcD 

iv^cvDll^^3o^I^T->y ^^^n — .£07;v^!?iv^iiirg/> 
*Bi&'t , ojt«w^*or/V'5 = 5rA, T/^^^A^Lx i o 11 a i w^/ c 

m 2 ^jtJ&iftMbl^K} (transfer) Oil, GRtt 
o riD7/i'^?A^<e ) ^ (155000-1 0, OOOppm) finite 
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m&^lZAV. — JjX~i&<D&& (§^(Cj:oTltft5 0 0 0 ppm) teT/l*^ 
XteT/U* /^r^WMh tte^M (grain boundary) 

m$^5 0 asaft^v^^ott^Mr^^^ »10, 00 0 

ppm^) J*. *£o< D t<^^it^>fb^b^^^^^^^3lUTffim-r5o 

*.TM*v^i:rtFV^feoffi^>H*Sr*bfco 5MK##W- (EDS) 

X^Ih]^ (XRD) K:j;5W5V^o4«rttSfcj£H\ ^-m^*ir»b<v> 

TteSSfrft^ofctf^ 81 0, 0 0 0 ppm(^)XRDICj:5^l7^^^A 

jK*^«^3t^W (WDS) ^±5WSV^<04*tt»3£tt % ««8*0^*>\ 
EDS<DW#f£-S:LTv^ 0 WD S ic J:5Bf v^<o*H£*£tt. £9'>a:c9C 
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161 

#* 4>S ^fi 

EDS Si, Al Fe, Ti, V - - 

WDS Si, Al Ti, V, C Al, O, Si C 

Z-tht><D?6fLttL s 935V^as&JgA 1 -S i X-hVs Ptv^^T/w^^XWtT 

/ ^-t <b uv>:: £ £*L;fc„ &jsa i -s i <z>fc£><o*BgU4. a 

ftv^irSr^l-o Htc, W&SifcSsi^T 5 7 7 < CT-jg;: <9 , Si 

tUT) LT^5fcL<. ^5V^(7)7^^^»)A|j:Mtfe5Ci^tLt 

TA' 5 = S i C^l. 5ii%Wi. 0lt%ft« 



^^^D?W-t?^e>ttfcifiSSffi#i^O«?3tlftt. 1 0 0 0 p pm—5 0 0 0 p pm<£> 
1 14, %£Mt LtlOOOp pm-5 0 0 0 p pm«7/^; 
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r*Lbo«AttKT<0-»»4ffitt^Wffil^5 0 #J£cD0. 511% (Xtt 
SOOOppm) ©7/V;-!)AgWlt S i C^fCf^^WT^^^^ 

UTfT<riRHt5 0 ¥»C, 7;u - ^ AS»i£Dt^«/>t 5 , ft^fft 
fcHWMBi: bT^«#$15^A^4itlx^4«b4VN Ffc^tiait (ove r f 1 
ow) j 7/v^?A©f)5SSE/>t5 0 T^$ = 5rASSiD*8***36SlM*%J: 
9 t>'>fti^*-g\ *S«l:4t^7/v^'?Amrti:ji:tt5Mli^y =* 

SIC, Clixe>^*Att*H1#|«f»3 8 3 6 6 7 3-^mm9 ( r\Ve a v e r J 
©*K»lC^-C*SKSJUE«i©|ll»CS i C&^tC&m^Sw^Sr^U We a v e 
4V\ t^LWS?), Weave r Ufc«Wr*« (XRDStft^- 
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ffi$:$£&L>fzXX*<D$£^ Reports Res. Lab. Asahi 
Glass Co. Ltd. , 3 6 (1) 1 9 8 6, pp 2 5-3 6 t— & 

9 0li%OM^^i, S.tF2 0 0 0 p pm— 8 0 0 0 p pm^r^^') 

i) SiC^rt(D7/V^-)A, 
i i) T;v*/J!r4&mk&m. Xte 
i i i ) TA-^*t\ 

^ — ^^/n— *04#^^S^:u-</wco^^ (»5ppm) tt v ifciMtift 
— tt»*U<ft< fra^— £^SfeU 3^0. 8 — 1. 5 p pm^F e Sr^MMS 
btio(DS8ftftvy s^^a^— «fa#H«tftt, l p pm 
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*< 6 0 0-9 0 OtOLPCVD^lTtfflfS^ b&X~ZZ> 0 *tflSttlC»6 
0-70ppm^Fe Sr^tf ra*fcWfflJE*«{fc;*>f * 9 fc ± 5 > P = > 

9, «*iBf5!te(0tfc*^to**fc*lc, Uhl&mmt (flitf«*DCEXttH 
PCVD<Dffl^)B*^cJ:oT^ ^ F*Si^*v^^:%*e,i^S• 

^x/N-Mliiatli, £J1. 5 p pm©F eSr-g-tfUaiEJItWb^*^* 
(2%^T/V^n^A^*p^JSr#5) ici^v'y^y^x/N^tffiM, 
^y)x^-(0;/I)^lT*2. 8 8 X 1 O n m^F/c m 2 (^/P^Jffl^) 

-Bi^-r^m:^iesat, SIg^^)9. sxio 10 ^ 

/cm 3 (^/i^8l5£) ICi-^o S£oT. lO^^/cm^^^ftS^ 

50-90 ot^f-A^ffliT^y = >**>^*iMbi-*iMfcxs^iT 

StHSftl;^ »6 0 — 7 0 p pmOF eSr*trra«*HEIH. 
0. BMmOSJt/JayCVDi-eiHIa-f^^ta^kfi, 6X1 O 11 

o 

attfcisjs Sitae ttafl**v^, ffiffisfficifioft&ttat^&v^Attei 
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»J»-*-5i65>35ttoa«pW:E z i s K ioTBlSftfti»ofc, Ez i s fi&JB^ 

mmm&mms i c^ici4lt«o, s i cft®^t&u/£v^ 

r tie ioTHSia£E«| J R'fb ^ V^—tfl 0 10 FegVcm 2 W 

/Xttl 0" F eJS^/c m 3 *»05tt«*airili-5-HrtBttB:^ Ka z a k o v 

0* L < \i*3£W ©iftfe-fe 7i^>) *^*-l±StMBS©*J>;k < £ fctt 9 5 % 

(boul e) X'<OT/l'**-7 t X& : X-ffl'j£) IS, 'M<tfefi3. 0 5g/ 
cc, »JL<tt3. 15-3. 2 1 g/c c T-fcS 0 *fc$?£ U< hi, ^ttli 
fc fcft9 oa*%«5^b^-f*tl^-, .fc9#*L<tt*J>fc< it>9 5 m* 

%rax>ft< hsm m(Disg?r^o 0 uiMMrca* men « 1 ~ 

4 i!)»4L< li2~3©D 5 o £^o 0 -?r©4 ^.tttff^Jiil^ 5 5 0 

~$)7 0 0MP a "CfoSo (characteristic stre 

ngth) (V S>f-*^- V (r i n g-o n- r i n g) 2«ftfl»ftc± 
otfflS) liM^C»2 5 0MPa~l!)6 0 0MP 
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aT-fc5 0 ^©fi£«$B+4l45im£j2. 5 —fa 3 . 5MP a • m" 2 T'fc5. -t© 
y-fy^Sl4-SS:lc/>/ < c< £ 1 8, #*L<J4/>&< 1 t> 1 0, 4 9$?£L-< 
IJ'M<ttl 5ffe4. t©ltt«if «5 4 0 0~fi 5 0 0 G P a Tfc5„ -£ 
HI4 0. 5~5m*%©8H^I#g|$fB L< i4 0. 5 ~ 2 aS%tDfe?-*# 

2EfB) M->!)*tLT0. 2~2mfi%©^Sr^o4 Ifciir^* 

I^b^ St*&*f4*t) 5 0 p pmlrgx./A\ ffSKlilOppm 
?r^x.^V>^^-g-t f -t#T*fe5c. S i CffiMcommW-im 6 ~-m 1 5mVgt? 
, S i CWO^< tt|S)8 0%lii|t)0. l~»3mnOjlMlto^ffe 

L< »4'>ft< t t 3 w mffc5. #}$. LV^#-et4, S i C©*(±E 2 7 7 
($91) - 7 6 3 0T% y/W^ai— , Li 1 1 e s a n d ©N o r t o n Co 

LTil#li-5„ &SL<I4, T/W^-'J'A^S i CB*^AnxTia^Srf^5 0 
T/^->>A«:iai^3£>0. 2 51i%~5Ii%, L < telfi-g-^CDJft 0 . 
51i%~^ 1 It%?r«fi£t5„ ttttttM^: Lt 1 Il%~2li%©7;K 



fiASWic-g-ff-co. lH%~lIi%C7/vJ = 7A, XtelE-g-WciD ;Lfc 
tttt05TA'$ = ^A«»OJRjl o%~5 0%Sr-&tf. #£L<f4, 4 < #S3 

OiLT^tSrt^ttSffiro^MlilSlliMg^ Ni« Co, Li, Y 
, *±»XlfB«r£trrij&s-C*5. 
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s i cjcs-^<-fe7 5 v ? (Dtztixoim&mmk \^x*vm\>%it>iix\^&. 
&zm<D$zmjLmx(D*:(D&&.te£.m'mffiz&tiz>o fcxv^< p>*^«i^-c 

14, *fi©t7i-7^lil?*L<l±0. 5Ii%m <tD»*L<l40. 1 
5o iff* LV^^T-(4, r/V5-^ASria-8-ife©iKl0. 2 5-^0. 7 511% 

. ^*b<»4^o. 4~*fijo. 6m&%(oMxm^, ^L-xmrnzmmmmt u 
. 7a*%ic 

£*&**»flll: LTA0*.-C. ^*©-a-ff^!2-g-!fe©^l~^2S*%. 
<(4iftl. 3~J®1. 71i%l:/f5 X o \Z-TZ> e 

■ 14 £ itiD £ * S fc «> »c , r/v^i^Airgft^ * ©E£^ 
£0. 1^PW~1 6^W3fcotWt5r i:^T?#5 0 S-^©ffi©t 5 lo 
ClJSLMtiJ, S i cn3i*^—T-4l/y-$-Z>M. (Mx-Y£mWtT J* 



(31) 2000-505043 
tfc^>i- 0 0 * L< IJ^iMf 3 8 3 6 6 7 3 f ^it C T?#flB. LT i (D 

**^/w-«:fF5o ^*o«tai±^wma (soak) (-r^-^o. 5n#Rg~ 

5^M, U4L< l±0. 5~2R#Ra) „ (1 6 0 0<C~2 1 0 0t, £J£ L 

< lil 9 5 0*C~2 1 0 0<C) % #tW£7J (20MPa~350MPa, # * L 

< fi2 0-3 0MP a) 5r*fil^oTft^t5i ii!ft-5 0 lo«f 

8L^T% ^©«2 0 5 0 ! CM2 0MPaffiO. 5 B#Ri]iitffiffi£§-f 5„ 

9 81i%©Sika IDS S i cm^Xim2mm%<DTjVx~^J>. {^r 
^•^-IflW^/HOReyno 1 d s *±/5> A^T'f •5*&#$ tt/t t> <D 
, 4 0 0^W- K) ^6MtofcoTS t e ph a nia^if K7^/ky 
K1-5„ IS-g-%£^cD^ DAG-^-r-{ y^^$nfc2 0 5 0t©^777 

-r hiUKfe^T 3 0 0 0 P s i xw.m&%kt>z>ax 3 o#wi) fc»£E 

KiSffi^'fk: -ir-f ^!^KS:»5g-r5 1>5 1 ocDtec*? * Lv^Srete, fi98 

St%»Sika IDS S i CSf, 1. 5Ii%OV«rcumiMtf 
*)0'. 5S*%<Dr/w$^;7i, (fp^T/WS=^At LtW ^ 

o ^#»mt?. *7l>-£3 2 5~5 0 0> y->=.«0^5V^CiiL, -tcDie*^ 

e p h a n^ls^y—icSs^Xtemm&ltlZo »&-&CtS2 0 5 0tM3 
0 0 0 p s i T'l^EfHlcbfcoTDAG-^-r-f >/J}t-fc/77r-f 
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TWiUBEaiufco z<D#aK<ot&fk£ isxmb}htc&m*3. 1 1 g / c c . x« 

Ii%©E 2 7 7 S i C»*tjfi 2a*%^T/^^=.»>A(OS^i»Sr, 

p tvur /p ^ 3on»fco -cgH fc * v 7 1 van* mot 

V^"C6»IH^fofcoT«P«*Lfco E^ftSr-tOflK 2 0 3 5 

^25:153 0 0 0 psitfi3 0 ^l^fcotD AG- a— 4 ^^^tlftf? 

— J.**W©-fe7^y^Sr«t*{k:S**t, *n SrjO 0 . 3-2mm N AM 
ftjlCj&O. 6 2 5 mm— 0 . 7 5 mm£>Jf: $ ^r^o ^/n— ICftSftHc;* *y 4 ^ 
1"£ 0 *7>f ^ tt«fb*^*-eOBUjBt#S:»Ol7 >r^r—y— (wire saw) 
"CASltt^fTJo ^©tt*:*^— iriiSJ/ispffift (flatness) S.t^F?i 
£ (smoothness) Ott^^W&Ji~5o 

* *«« h £ L P C V D l8T?«fflt5»^, ^^^^^SK) 

KUFfcEllU 6 0 0t-9 0 0t, Uitff6 0 0t-8 0 0tOtoIlSli: 

o 

W*i:i5CVD3-f-f ^^Sr»Ki-*»fr, *ttH:ffliG>«*© CVDS 
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s =>>\ ift^^ ixiir St C V D n - f y 



= ^>f ^^ffSfiO. 1-5/imm HSWICO. 1-1 M m. 
ttfcttO. 1-0. 5/imtfc5o 

HnS/im, ff*L< f**J>fc< HIJ15 0 mm. J: 9 L< 
W<Ha2 0 0mm(OilE ftO. 3-»lmm, jfiKttfiO. 625 
mm— 0. 7 5mm£)Jf:£ s ft25^ m— #?J 150/im, L< 7 5 /x m 
Xtf»«^*&T?»0. 5 M m*S, #*L<tt*&0. 2/xm-0 

#^ix5 0 0. 2-0. 4 ^ m£>ffiffl£>sf jf£teL P C V D <D^T^« 

t^o ^¥ffi«tt«*ftfc*0* (indentation) l^totft 

^t^)o ^*/n— (contact profilomet 
ry) iaotftjl, (Ra) X*&-+ 0 T^— h j ^ N Tk^PXt/SiS 

Ml 

9 8li%o^^»st 2Ii%£^T/^;^')^ (4 o o»*M* 
L/ctcD, Reynolds Alumin umfrb) £ 5dHl^bfcot K9 
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ii2 





S_ 


U 


F_ 


D90 (/zm) 


6.23 


5.62 


2.19 


Dso (/im) 


2.09 


2.02 


0.97 


Dio (jt/m) 


0.29 


0.35 


0.28 


S1O2 (m*%) 


1.72 


0.44 


0.67 




1.21 


0.49 


0.69 




0.31 


0.15 


0.23 


i£ (ppm) 


300 


10 


50 



i me) t7;V^yfia + t^V^2 0 5 OtXtM 2 h> (3, OOOps 
iXI±20MPa) -ClKajESItLfco 

OS OD^?>{ y^-C#9^6^5>f ^ LT» 1 mm^fSlCU ^<£>^ 
1 5 O^y 5/ b^y^ir^^Kffi^-CflFBSUTffSSrJI&O. 6mmtat 0 ^ 

^-**©f***«»iM:U 6 0Ml:^oTHF/HCl/DI (1:1 
: 4) mmm (CVDi) ^"Caiy^V^Ufco Dlttftl^ ffiftSrifcbfc 

rtt^^S^ttf^c^^M, #tt3££. We i b u 1 lflSfgc, XTJ*T 



m3 



U F_ 

* fi (g/cc) 3.20 3.19 3.21 

S (MPa) 325 519 391 

WeibuIl^S 11.4 8.2 15.1 
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Al (s</U?ppm) 9250 5950 6450 

Fe (^/U^ppm) 73 1.5 24 

Ni (^A-^ppm) 18 0.3 3.4 

V (/W^ppm) 33 0.75 42 

Ti ('W^ppm) 16 3.5 12 

Cr (^A-^ppm) 5.3 0.8 2.9 



6 O ^ zc/n- ^SgK^ L P C V D*aa*#^3&^tfc D Jltrfeo £ 5 fcflsfe;ixfci« 

aE***^-*, h (mmmm (background) m 

/U-^HUOIJ 3y/<y7/H>Etlt, 3JSOffi^ (c r o s s-c o n t 
a m i n a t i a o n) SrS'Mfc Lfc 0 2*Sr»t 6>SEfflft£ 9 0 O'CfcjD 

) fc:J;oTSMBU SfiMTXRFCiorifftlfco ro«©io(OlWfi 
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*uB*ttlk**Ji K-t 5 it * <ojjto it— ft l * v ^#a;-cta*SF t-sa« $ v ^fc 

dtbf>ro^^/N-^bC^^Kf«tv^ixl. 6, 11. 2W5 2. 5 
XI 0 10 F e Jgf-/ c m 2 (StffiPJ^) T*>9, TA'S AffiSfettO . 8 7~ 
3. 8 7 x l 0" A 1 Hf/cm ! (3?B835£) co&HT-fcS r i^^ofc, 

ftfc^/N-S 7 3 p p m) "C t>fcfe$ixfc 3ft <#A.P>ft5 



-</U (0. 8 7X10 11 W/cm 2 ) Srtfcfei-dK ttOV^Od*©^:*/^ 
fcUK &3&>J:9;fc£vM1-ftfr*>3. 8 7 x 1 0 11 Jj^/cm 2 ) e L,J&»Lfc# 

o-cjB9)^«****ci:*-e#ai:%*.feixs 0 ^oT. 5000-1000 

^ * - ^ x a-|c»V>C VDf ffl 3 - f >f y/iattti : i tts 6 0 0-90 
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^<H1. 5ppm©ftS:*W T*l 0 ^ Jd^-/ c m 2 O^B^tt^llC^ 9 
CEXftHC 1 MiS) ^ 



Zhh^K^tl^tKO^m. «M±3£S. We i bu 1 ATfi'</l'*^ 

*4 

S_ U F 
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« S. (g/cc) 


3.10 


3.11 


3.18 


» St (MPa) 


279 


317 


356 


Weibull^gc 


7.9 


9.9 


10.8 


Al (/^/l^ppm) 


2300 


4300 


6450 


Fe (^/l^ppm) 


64 


0.8 


17 


Ni (^/l^ppm) 


19 


0.03 


1.7 


V (^/l^ppm) 


37 


0.24 


19 


Ti (^A-^ppm) 


13 


2.0 


25 


Cr (/VU^ppm) 


5.0 


0.4 


2.9 



<b o * * ✓n- * > mm<oxo ttmyo&mfrffi (Dtzfr kuksh *lpcvd* 

«c5 







S_ 


U 


f («a> 


Al 


(10 j0 J^/cid 2 ) 


32 


4.4 


13.3 


Fe 


(10 10 J^/cm 2 ) 


9.0 


<1 


215 


Ni 


(10 10 W^/CB 2 ) 


<1 


<1 


5.7 


Na 


(10 w JBKP/ca 2 ) 


13 


0.4 


8.8 


Ti 


(10 10 JS^/cm 2 ) 


<1 


1.8 


2.3 


Cr 


(10 1D JS^/cm 2 ) 


12.7 


1 


<1 
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10 F eig^/cm 2 ^ 1 0^ A 1 JS^/cm 2 ^^Stt«^^9o Stot, 600 
0 0 

?^-V^^-*M^%M^mmX-1h%tn^btiZ>o L*»L4#fo, 8 50 
°C~ 9 o Ot^KIt'^I^tfe^y^^x/^lrfi^-T^ ^-fSr 
LV^%;ik;h,£o St-, 6 0 0 X2~~ 9 0 0 < C<&i&££r-g-ir < 

^;-)x/^5:Sgt^l: N = 5 0 0 0 p pm»fc!) 

t t 5 u m(Z)D9o ^o-<#T^5^ ^P^i fettfc 0 

BWW*3 8ftm<D9 0 0<C;*^— A&tf2 0^9 0 0X;(Dmm%^&Z k & 



(40) 



0 c C^DCE-C2«pPflXtFl 0 5 OtOHC 1 T? 1 . 5 T 3Efcl»j£ 

It\c1-Z>- t^Uo *flLfcS«ttSPV-efc9, '<A^««*fc»LT*6 

*6 

ft£>^®I (10» FeJ^/cm 3 ) 

1 MS 20 2.8 

2 6000A2Ky v-y a^JtHl 6 0.98 

3 il^DCE 0.4 1. 2 

tta^-frto-erSfcfelciejaWjWb («*tf«#DECXI4HCll:i 

#J6 
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* 4> 




135 


35 


225 


25 




125 


33 


195 


30 




96 


27 


185 


35 



- 8 5 0 ^co^H^^ L P C vDxttWtoffla-ec^ioftim^ 5 ^ S - 



900*0 Nz 900^^— A/N2 800^^— A 



73/64ppra ^ 

1 - 5ppra ? ^fla-hJifc-g* 

o.8ppni ^te K**i" 

T/U5~» A«g( PP m) &JgAl 900*5 N 2 800^^^ — A 
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5950 fct) = — h*P>-a-tS- 

6450 *.*» t*K-frT 

9250 fo9 = ? 

4600 frb f*g*-g:1* 

2300 fc<? h W**f 
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[fittJB] 1 9 9 9^5^170 (1 9 9 9. 5. 1 7) 

(1) (7) K*fflSg£2 716^1 7fr, 2 8 31 1?T, r3000psij 
£lT3 0 0 0 psi (2 0MPa) J tiltS, 

(-0 W*MMB3 OKI Iff, rs>f >^J *r TS-f (1 3. 7 cm) 

($0 §s*w»^3 on lff^b i 2fi\ £ Xi/a^> 

7 (0. 6 3 5 cm) J <t*iEt-5o 

(2) M*0>«KHirBUtt4>a 9 ffljE*f 5 C 

Stfcot, KT©a) 3tt/b) (DXM^^m o 

a) {rx/N-o#A©fcftl:^Siifc*ft07ny FSr»t,, Sl^n^ 
htei/V = £#A£*tT:fc5 0. |2^n^ H*Rffr5M'*^ — * 

^^^✓n— #0. 3mm— 1 . 0mm£>J¥£. 4>/«C< Hi 2 5mm^Eg 
, 343x^?L N t fc 5 a« mODgo 4>fc< t t 8 OW e ibul ] fil^c 

i) '>4< it90li%^b^>f*!S^t-fcoT, l/zm-4Mm(DD50 
£r^oS i C^, RXf 

i i) 5mm%^m(Dmm^v 

b) h£\ iag^ 3 0 0 9 0 0 1 igC^i < ^ t 0 
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^ft^^^^-^x/^xgb) O|0fe^*< t t 5 ,z m(Dip$ £i$o 

fc< it 9 0%<£>«ft JEt-> 

i) W<H9 0li%^ft^iS^ 
i i) 5li%*10ll^y3^ 

i i i) 1. 5 p p 5 p p m^iOft^Jtft^ft, 
£r*atfXfI 0 

b) hSr, t&ftdS3 0 0 0 , C(O#Igli/>i< t to 

_3. v-y 3>-^^^-^aic*5tt§^{k;^>r^^^— ir^ 5: ^x/n-cd 

it 1 0 0 0 t^M^^MMift^ J: o TKft^>f i ^ ^ i7 x 
^-OfiJ*0;3®S:L?iV^^Xgb) §t*tV\ fit 

mt^^m^^ — V x/A-^Ig b ) ©t0*^*< i t 5 ^m£0^$Sr#o 
C V D « £ *Kfc> \z» tz fj: v ^ jfe, 

x/^-^A$i^Tv^5'>x/^^-^^ftt5I8^fcoT, WsMctr 4 m 
jf*—9x.s^—ifi 0 . 3mm— 1. Omm^f ?4aLM7L, XttfgfiMSSO) 9 
7%-l 0 o 

i ) M<H9 9M%<0j»te4r-r *tt^ 

i i) 5«*%*«i©aHis/y at* 
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